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T
e
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c
h
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g
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b
o
u
t
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d

te
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a
rl
to
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†

C
a
n
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rb
u
ry
C
h
ri
s
t
C
h
u
rc
h
U
n
iv
e
rs
it
y
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o
lle
g
e
,
N
o
rt
h
H
o
lm
e
s
R
o
a
d
,

C
a
n
te
rb
u
ry
,
K
e
n
t
C
T
1
1
Q
U
,
U
K

S
tu
d
e
n
ts
e
n
c
o
u
n
te
ri
n
g
th
e
rm

a
l
p
h
y
s
ic
s
a
t

in
tr
o
d
u
c
to
ry

le
v
e
l
o
ft
e
n
h
a
v
e
d
if
fi
c
u
lt
y

d
is
ti
n
g
u
is
h
in
g
b
e
tw
e
e
n
h
e
a
t
a
n
d

te
m
p
e
ra
tu
re
.
It
h
a
s
b
e
e
n
fo
u
n
d
w
it
h

te
a
c
h
e
r
e
d
u
c
a
ti
o
n
s
tu
d
e
n
ts
a
t
C
a
n
te
rb
u
ry

C
h
ri
s
t
C
h
u
rc
h
U
n
iv
e
rs
it
y
C
o
ll
e
g
e
th
a
t

c
h
a
ll
e
n
g
in
g
m
is
c
o
n
c
e
p
ti
o
n
s
b
y

e
x
p
e
ri
m
e
n
t
a
n
d
th
ro
u
g
h
d
is
c
u
s
s
io
n
c
a
n

q
u
ic
k
ly
e
n
a
b
le
th
e
m
to

a
c
q
u
ir
e
th
e

n
e
c
e
s
s
a
ry

c
o
n
c
e
p
ts
to

e
q
u
ip
th
e
m
to

d
e
v
e
lo
p
th
e
ir
u
n
d
e
rs
ta
n
d
in
g
o
f
th
e
rm

a
l

p
h
y
s
ic
s
.
T
h
e
k
e
y
c
o
n
c
e
p
ts
a
re

th
o
s
e
o
f

th
e
rm

a
l
e
q
u
il
ib
ri
u
m
,
th
e
n
o
ti
o
n
o
f
fl
o
w
o
f

h
e
a
t
e
n
e
rg
y
a
n
d
th
e
a
b
il
it
y
to

d
if
fe
re
n
ti
a
te

b
e
tw
e
e
n
h
e
a
t
a
n
d
te
m
p
e
ra
tu
re
.
T
h
is
p
a
p
e
r

o
u
tl
in
e
s
a
p
o
s
s
ib
le
c
o
m
b
in
a
ti
o
n
o
f

a
c
ti
v
it
ie
s
to

il
lu
s
tr
a
te
h
o
w
th
is
m
a
y
b
e

a
c
c
o
m
p
li
s
h
e
d
.

The
rma

lph
ysic

sis
abr

anch
ofp

hysi
csth

atm
ost

peop
lew

illr
ecog

nize
.F

orm
any,

itis
one

with
whic

hth
eya

refa
mili

arin
the

sens
eth

atth
eyh

ave
expe

rien
ceo

fth
esu

bjec
tga

ined
from

ane
arly

age.
This

expe
rien

cew
illp

erha
psb

egin
whe

na
new

born
infa

ntfe
elst

hec
old

ofth
eou

tside
wor

ld
inc

omp
ariso

nto
the

warm
tho

fth
eut

erus
.T

he
sam

efa
mili

arity
isn

ott
rue

for
all

bran
ches

of
phys

ics,
even

thou
ght

hey
affe

cto
urd

aily
lives

ina
fund

ame
ntal

way
.

This
fam

iliar
ityw

itht
herm

alp
hysi

csis
atth

e
sam

etim
ean

adva
ntag

ean
da

disa
dvan

tage
toth

e
phys

ics
educ

ator
.T

hec
onst

ruct
ivist

pers
pect

ive
one

duca
tion

[1]
expl

ains
how

itis
nece

ssar
yto

refle
ctu

pon
the

know
ledg

eth
atth

estu
dent

sha
ve

ona
rriva

lat
the

clas
san

dto
buil

dup
ont

his
to

deve
lop

asc
ient

ific
unde

rstan
ding

ofth
eco

ncep
t.

†
E-m

ailk
.j.ca

rlton
@ca

nter
bury

.ac.u
k

Inth
eca

seo
fthe

rma
lph

ysic
sthe

reis
alo

tof
past

expe
rien

ceu
pon

whi
cht

obu
ild.

The
diffi

culty
,

how
ever

,is
that

alon
gw

ith
usef

ule
xper

ienti
al

know
ledg

ethe
stud

ents
also

brin
galo

ngw
itht

hem
ag

reat
deal

ofm
isco

ncep
tion

whic
hm

ust
be

addr
esse

d.
Stud

ies
with

very
youn

gch
ildre

nw
hoh

ave
rece

ived
nof

orm
alte

achi
nga

bout
ther

mal
phys

ics
show

that
they

have
learn

ed,
bye

xper
ienc

e,th
at

certa
inth

ings
feel

warm
toth

eto
uch

and
othe

rs
feel

cold
.A

lber
t[2]

foun
dth

atfo
rfo

ura
ndfi

ve
year

-old
sth

eno
tion

ofh
eat

asa
subs

tanc
eth

at
coul

dbe
foun

din
obje

ctsw
asp

reva
lent.

Thu
sthe

link
ism

ade
betw

een
heat

and
the

mat
erial

from
whic

han
obje

ctis
mad

e.
Late

rat
age

eigh
tit

was
foun

dth
atth

eno
tion

ofh
eat

ass
ome

thin
g

mor
edy

nam
icth

atfl
ows

beco
mes

popu
lar.

Ata
later

stag
eof

deve
lopm

ent
the

prev
ailin

gid
eai

s
one

inw
hich

heat
istr

eate
das

thou
gh

itw
ere

afl
uid

that
flow

sbe
twee

nb
odie

s[3
,4]

.T
his

idea
isc

onsi
sten

twi
thth

eol
dC

alor
icth

eory
of

heat
whi

chp
re-d

ated
Rum

ford
’sw

ork.
Des

pite
the

fact
that

thes
estu

dies
deal

twi
thy

oung
erc

hild
ren,

Clou
gha

ndD
rive

r[5
]fo

und
that

such
conc

epts
are

held
by

child
ren

atl
east

up
toa

ge1
6.

It
wou

lda
ppea

rth
ati

deas
abou

tth
erm

alp
hysi

cs
are

buil
tup

bye
xper

ienc
eth

roug
hch

ildh
ood

and
rem

ain
unti

lch
allen

ged
by

situa
tion

sth
att

hey
fail

toe
xpla

in.
Itis

the
role

oft
het

each
ert

o
disc

over
the

idea
she

ldb
yth

est
uden

tsa
nd

to
pres

ent
them

with
conc

rete
exam

ples
that

brin
g

abou
tthi

sre
struc

turin
gof

the
wor

ldv
iew

ont
he

conc
epts

oft
herm

alp
hysi

cs.
Clou

gha
ndD

rive
r

[5,
p18

2]p
oint

out
that

this
shou

ldb
edo

neb
y

givi
ngt

hes
tude

nts
the

‘opp
ortu

nitie
sto

expl
ore

idea
sin

ano
n-th

reate
ning

atm
osph

ere’
.Th

eya
lso

warn
oft

hed
ange

rof
misi

nter
pret

ing
the

abil
ity

ofs
tude

nts
tore

spon
dto

ques
tion

sab
out

ther
mal

phys
icsb

yre
peat

ing
form

ald
efini

tion
sor

patt
erns

P
h
y
s
.
E
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c
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ofs
peec

h.
This

beha
viou

rdo
esn

otn
eces

saril
y

mea
nth

atth
eyh

ave
achi

eved
afu

llgr
asp

oft
he

diffi
cult

unde
rlyin

gco
ncep

ts.
Tho

maz
eta

l[6
]su

gges
tth

atth
ere

are
five

com
mon

misc
once

ptio
nsh

eld
abou

the
at.

The
se

are
that

heat
isa

kind
ofs

ubst
ance

,the
inab

ility
tod

iffer
enti

ate
betw

een
heat

and
tem

pera
ture

,a
conf

usio
nbe

twee
nte

mpe
ratu

rea
ndt

he‘
feel’

of
ano

bjec
t,th

atth
eap

plic
atio

nof
heat

toa
body

alwa
ys

resu
lts

ina
rise

int
emp

eratu
rea

nd
a

misu
nder

stan
ding

oft
het

emp
eratu

reo
fa

phas
e

tran
sitio

n.T
hel

ast
two

oft
hese

misc
once

ptio
ns

are
supp

orte
dby

the
find

ings
ofN

achi
mia

s et
al

[7],
who

foun
dth

at8
0%

oft
hes

tude
nts

inth
eir

stud
ywe

reu
naw

areo
fthe

fact
that

thet
emp

eratu
re

ofw
ater

rem
ains

cons
tant

whi
lstit

isbe
ing

boil
ed.

One
ofth

em
ajor

diffi
cult

iesw
itht

emp
eratu

re
ist

hat
itc

anno
tbe

mea
sure

dd
irect

ly.
As

McI
ldow

ie[8
]ex

plain
s,st

uden
tsha

veli
ttle

trou
ble

unde
rstan

ding
how

tom
easu

rele
ngth

beca
use

the
proc

ess
isa

simp
leo

ne.
An

obje
ctt

hat
has

grad
uatio

nso
nit

isc
omp

ared
dire

ctly
with

the
leng

thto
bem

easu
red.

Eve
nm

easu
ring

time
is

simi
lari

nth
isre

spec
tin

that
adi

rect
com

pari
son

ism
ade

betw
een

the
time

take
nfo

rthe
hand

ofa
stop

watc
hto

rota
teth

roug
ha

certa
ina

ngle
and

the
time

betw
een

two
even

ts.
Tem

pera
ture

is
diffe

rent
.A

ther
mom

eter
relie

son
the

vari
atio

n
ofa

ther
mom

etric
prop

erty
.It

isth
isv

ariat
ion

that
ism

onit
ored

and
not

the
tem

pera
ture

dire
ctly

.
Tem

pera
ture

isth
eref

ore
perc

eive
das

som
ethi

ng
inte

rnal
. As
far

as‘
heat

’is
conc

erne
d,t

here
ise

ven
som

edi
ffere

nce
ofo

pini
ona

bout
the

mea
ning

of
the

term
amo

ngst
som

esc
ienc

ete
ache

rs.
Mak

and
You

ng
[9,

p4
66]

disc
uss

the
idea

and
defin

ehe
atas

‘the
mac

rosc
opic

ener
gyt

rans
ferb

y
nonm

echa
nica

lan
dno

nele
ctric

alm
eans

and
[it]

is
equa

lto
thed

iffer
ence

betw
een

thei
nter

nale
nerg

y
and

the
wor

kdo
ne.’

Refe
rring

tot
hee

quat
ion

oft
hefi

rst
law

oft
herm

odyn
ami

cs,
the

ener
gy

tran
sfer

desc
ribe

das
heat

supp
lied

,1Q
,isd

efin
ed

as
1

Q
=

1
U

−
1

W

whe
re1

U
isth

ech
ange

ini
nter

nal
ener

gya
nd

1
W

isth
ewo

rkd
one

ont
hew

orki
ngs

yste
m.T

he
heat

shou
ldb

edi
sting

uish
edf

rom
the

chan
gei

n
inte

rnal
ener

gy1
U
.M

any
stud

ents
are

unaw
are

oft
hed

iffer
ence

,pa
rticu

larly
inth

eea
rly

stag
es

oft
heir

stud
yo

fth
erm

alp
hysi

csb
ecau

se,
to

simp
lify

mat
ters,

itis
ofte

nth
eca

seth
atth

ewo
rk

done
on

the
syst

em,
1

W
,is

cons
ider

edt
ob

e
zero

.H
owe

ver,
with

rega
rdt

ost
uden

tsa
tan

intro
duct

ory
leve

lde
finit

ions
such

asth
isar

eto
o

adva
nced

.Th
eref

ore,
ina

gree
men

twi
thM

aka
nd

You
ng

[9,
p4

68],
int

his
pape

rth
ete

rm
‘hea

t
flow

’wi
llbe

take
nto

mea
n‘th

epr
oces

sby
whi

ch
ener

gyt
rans

fers
occu

ras
are

sult
ofa

tem
pera

ture
diffe

renc
e’a

ndh
eatm

eans
‘the

ener
gyt

rans
ferre

d
inth

epr
oces

s’.
Ino

rder
toe

nabl
eth

estu
dent

sto
prog

ress
in

stud
ieso

fthe
rma

lph
ysic

siti
sco

nsid
ered

esse
ntia

l
that

they
have

mas
tered

two
fund

ame
ntal

conc
epts

.
The

ym
ust

have
aco

ncep
tof

ther
mal

equi
libri

um
and

they
mus

tha
vea

conc
ept

oft
hed

iffer
ence

betw
een

heat
and

temp
eratu

re[1
0].

Ass
essm

ent
ofs

tart
ing

posi
tion

Befo
rea

ny
tuiti

on
on

the
subj

ect
of

ther
mal

phys
ics

take
spl

ace
itis

imp
orta

ntt
oes

tabl
ish

wha
tth

est
uden

ts’p
ast

expe
rien

cea
ndl

earn
ing

has
led

them
toth

ink
abou

tthe
subj

ects
ofh

eat
and

tem
pera

ture
.In

my
clas

sth
isis

attem
pted

byd
ivid

ing
the

clas
sin

tog
roup

san
dth

eng
ettin

g
each

grou
pto

nego
tiate

and
agre

ea
defi

nitio
n

ofe
ach

oft
het

erm
s‘H

eat’
and

‘Tem
pera

ture
’.

The
sed

efin
ition

sar
eth

enw
ritte

ndo
wn,

put
on

disp
lay

and
disc

usse
dd

urin
ga

plen
ary

sess
ion.

At
this

stag
eth

es
tude

nts
are

prov
ided

with
enco

urag
eme

ntb
utn

oin
terv

enti
on.

Afte
ra

num
ber

ofd
efin

ition
sha

ve
been

pres
ente

dth
e

stud
ents

are
aske

dto
deci

dei
fthe

yth
ink

heat
and

tem
pera

ture
are

the
sam

eth
ing.

Whe
nan

swe
rs

tot
his

have
been

deci
ded

upon
the

stud
ents

are
aske

dto
nam

eth
eun

itso
fme

asur
eme

ntfo
rea

ch
quan

tity. Inva
riab

lyan
swe

rsto
thefi

rstq
uest

ion
cont

ain
phra

ses
such

as‘
Hea

tis
the

ener
gy

ofa
hot

subs
tanc

e’a
nd‘

Tem
pera

ture
isa

mea
sure

oft
he

heat
’.M

any
desc

ribe
tem

pera
ture

asa
mea

sure
ofh

ow
hot

orc
old

som
ethi

ngf
eels

.T
here

isa
gene

ralc
onse

nsus
that

the
two

are
not

iden
tical

.
One

stud
ente

xpre
ssed

theo
pini

ont
hatt

here
wou

ld
not

bet
wo

wor
dsi

nus
eif

they
mea

ntth
esa

me
thin

g.H
owe

ver,
the

defi
nitio

nso
fthe

two
term

s
do

not
usua

lly
lead

tot
he

iden
tific

atio
no

fa
clea

rdi
ffere

nce.
Mos

tof
ten

the
wor

d‘e
nerg

y’
isa

ssoc
iated

with
heat

and
the

term
‘me

asur
e’

isa
ssoc

iated
with

tem
pera

ture
.M

ost
stud

ents
are

able
top

rovi
det

hec
orre

ctu
nits

for
heat

and
tem

pera
ture

,an
dw

hen
itis

poin
ted

out
that

thes
e
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don
ota

gree
,the

yar
eus

ually
conv

ince
dth

atth
ere

mus
tbe

adif
fere

nce
betw

een
heat

and
temp

eratu
re.

Dev
elop

men
t

Mos
tco

mm
only

the
idea

that
temp

eratu
rei

sa
mea

sure
oft

he
‘hot

ness
’or

‘col
dnes

s’i
sp

ut
forw

ard,
and

whe
npr

esse
dth

est
uden

tsre
fer

to
ahi

ght
emp

eratu
reo

bjec
tfee

ling
hot

and
alo

w
temp

eratu
reo

nef
eelin

gco
ld.O

neo
fmy

favo
urite

way
sof

enco
urag

ing
the

stud
ents

toc
onsi

der
this

mor
eca

refu
llyi

sto
prov

idet
hem

with
thre

ebo
wls

cont
ainin

gw
ater

at0
◦
C(a

mix
ture

ofi
cea

nd
wate

r),4
2◦ C

and
55◦

Co
ras

hot
asth

estu
dent

s
can

com
forta

bly
bear

.Th
eya

reas
ked

top
lace

one
hand

ine
ach

ofth
eex

trem
etem

pera
ture

san
dus

e
wor

dsli
ke‘

hot’
and

‘col
d’to

desc
ribe

them
.Af

ter
ami

nute
orso

they
area

sked
top

lace
thec

old
hand

inth
em

iddl
ebo

wla
ndd

escr
ibe

the
tem

pera
ture

.
This

isn
orm

ally
desc

ribe
das

bein
gw

arm
.N

ext
the

hot
hand

ispl
aced

inth
em

iddl
ebo

wla
ndt

his
time

the
temp

eratu
reis

desc
ribe

das
bein

gco
ol.

The
confl

ictc
onvi

nces
the

stud
ents

that
‘fee

l’is
not

ago
odw

ayo
fex

plain
ing

tem
pera

ture
.

The
next

step
isp

ossi
bly

the
mos

tdi
fficu

lt
one.

The
stud

ents
are

able
top

redi
ctth

atif
left

int
her

oom
for

long
enou

gh
the

ice
will

mel
t

and
the

wate
rin

the
cold

bow
lw

illw
arm

up.
This

ise
very

day
expe

rien
ce.

Sim
ilarl

yth
eya

re
able

top
redi

ctth
atth

ew
ater

inth
eho

tbo
wlw

ill
cool

dow
n.D

iscu
ssio

nof
wha

tis
happ

enin
ghe

re
usua

llyl
eads

toq
uest

ions
such

as‘
How

does
the

hot
bow

lco
old

own
?’a

nd
‘Wh

end
oes

itst
op

cool
ing

dow
n?’

The
answ

ers
tot

hese
ques

tion
s

lead
tot

he
noti

on
that

heat
ener

gy
will

trav
el

from
aho

tbo
dyt

oa
cool

erb
ody

.A
tthi

ssta
ge

use
ism

ade
oft

hes
tude

nts’
idea

that
heat

may
beha

vea
sth

ough
itw

ere
aflu

ida
ndi

sab
leto

flow
from

one
body

toa
noth

er.
(Iti

sus
eful

here
tor

efer
toth

eea
rlier

disc
ussi

onw
here

heat
and

ener
gyw

ere
tied

toge
ther

.)A
lso

imp
orta

ntis
the

reco
gnit

ion
that

this
will

stop
whe

nth
eho

tbo
dy

cool
sdo

wn
suffi

cien
tlyt

hat
itis

nol
ong

erh
otter

than
itss

urro
und

ings
.Bu

ried
here

,of
cour

se,a
re

the
zero

tha
nds

econ
dla

ws
oft

herm
ody

nam
ics.

Guid
edd

iscu
ssio

nu
sual

lyl
eads

the
stud

ents
to

bea
ble

toc
laim

that
two

bod
ies

are
atth

esa
me

temp
eratu

rew
hen

ther
eis

nos
pon

tane
ous

netfl
ow

ofh
eat

ener
gyb

etwe
ent

hem
.T

hey
are

usua
lly

also
pers

uade
dth

atw
hen

not
ine

quil
ibriu

mt
he

body
atth

ehi
gher

temp
eratu

rew
illb

etra
nsfe

rring

heat
ener

gyt
oth

eon
eat

the
lowe

rtem
pera

ture
.

Thu
sm

eani
ngi

ssu
ppli

edt
oth

eex
pres

sion
that

one
bod

yis
hott

erth
ana

noth
er.

Mos
toft

ens
tude

nts
are

able
tore

cogn
ize

that
iftw

ob
odie

sar
ele

ftin
aro

om
ata

cons
tant

temp
eratu

refo
rlon

gen
ough

they
will

even
tual

ly
reac

hth
esa

me
tem

pera
ture

ase
ach

othe
ran

dth
e

room
.T

op
utt

his
tot

het
est

the
stud

ents
are

aske
dif

ala
rge

lum
po

firo
n,s

uch
asa

1k
g

mas
s,an

da
bloc

kof
expa

nded
poly

styre
new

hich
have

been
left

int
her

oom
over

nigh
tar

eat
the

sam
ete

mpe
ratu

re.
The

ym
ust

agre
eto

this
if

they
have

agre
edt

oth
est

atem
ent

atth
est

arto
f

this
para

grap
h.

How
ever

,w
hen

they
are

aske
d

tofe
ele

ach
obje

ctth
eyn

otic
eth

atth
eiro

nfe
els

cold
but

that
the

poly
styre

nef
eels

warm
.To

help
reso

lve
the

confl
ictb

etwe
enf

eel
and

intel
lectu

al
conv

ictio
na

disc
ussi

ona
bout

how
the

two
may

be
reco

ncil
edi

ssta
rted

.W
hen

aske
dif

the
hand

isat
the

sam
ete

mpe
ratu

rea
sth

eiro
nan

dpo
lysty

rene
mos

tstu
dent

sar
eab

leto
reali

zet
hat

itis
not

and
that

som
ethi

ngf
eels

cold
ifth

ere
isa

disc
erni

ble
flow

ofh
eat

ener
gyf

rom
the

hand
tot

heb
ody,

and
that

int
hec

ase
oft

hei
ron

the
outfl

ow
of

heat
ener

gyi
sno

ticea
bly

mor
era

pid
than

whe
n

the
hand

issu
rrou

nded
byt

hea
irof

the
room

and
that

the
poly

styre
nei

mpe
des

the
flow

sot
hat

it
feels

warm
erth

ant
her

oom
.

So
far

the
stud

ents
have

been
aske

dt
o

reco
gniz

eth
atw

hen
plac

edi
nth

erm
alco

ntac
ttw

o
bodi

esw
ille

vent
uall

yre
ach

ther
mal

equi
libri

um,
and

that
this

mea
nst

hat
they

are
att

he
sam

e
temp

eratu
re.

Furt
herm

ore
they

shou
ldr

ecog
nize

that
bod

yA
isd

efine
da

sb
eing

ata
high

er
temp

eratu
reth

anb
ody

Bif
ther

eis
asp

onta
neou

s
netfl

owo
fhe

aten
ergy

from
Ato

Bw
hen

they
are

plac
edi

nth
erm

alc
onta

ct.
No

men
tion

has
been

mad
eof

ther
mom

eters
ors

cale
sof

tem
pera

ture
.

To
begi

nto
addr

ess
the

conc
ept

of
heat

the
stud

ents
are

aske
dto

cons
ider

ath
ough

t
expe

rime
nt.

The
yar

eas
ked

tos
ayw

heth
erth

ey
thin

kth
atp

ouri
ngt

hec
onte

nts
ofa

kett
lefu

llof
boil

ing
wate

rint
oth

ese
ain

win
terw

illr
aise

the
temp

eratu
reto

the
sum

mer
leve

l.N
atur

ally
they

deny
that

itw
ill.

The
yar

eth
ena

sked
whi

ch
isa

tth
ehi

gher
temp

eratu
re,

the
kett

leo
fw

ater
ort

hes
eai

nth
esu

mm
er.

The
ysh

ould
use

the
heat

ener
gyfl

ow
crite

rion
abov

eto
esta

blish
that

the
kett

leis
atth

ehi
gher

tem
pera

ture
,alt

houg
h

tod
ate

no
stud

ent
has

argu
edo

ther
wise

.T
he

next
ques

tion
isas

ked
toe

stab
lish

whic
hco

ntai
ns

P
h
y
s
.
E
d
u
c
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mor
ehe

ate
nerg

y,th
eke

ttle
orth

ese
adu

ring
the

sum
mer

.Th
efa

ctth
atth

ehe
ate

nerg
yco

nten
tof

the
kettl

ew
asu

nabl
eto

raise
the

sea
tem

pera
ture

from
itsw

inte
rle

vel
toi

tss
umm

ero
nes

how
s

that
ther

eis
mor

ehe
aten

ergy
inth

ese
a,an

dth
at

com
bini

ngt
hese

two
answ

ersp
rove

stha
the

atan
d

tem
pera

ture
are

not
the

sam
eth

ing.
This

disc
ussi

onl
eads

the
stud

ents
toth

eid
ea

that
temp

eratu
reis

am
easu

reo
fthe

conc
entr

atio
n

ofh
eat

ener
gy.

Inde
edc

alor
ime

try
expe

rime
nts

usin
gon

lyth
esp

ecifi
che

ateq
uati

on
1

Q
=

m
s
1

T

whe
re1

Q
ist

he
heat

ener
gy

supp
lied

,m
is

the
mas

so
fth

eo
bjec

t,s
isi

tss
peci

fic
heat

capa
city

and
1

T
isth

ech
ange

int
emp

eratu
re

neat
lye

ncap
sula

teth
eid

eao
fthe

conc
entr

atio
nof

heat
ener

gy,
taki

ngi
nto

acco
unt

the
natu

reo
fthe

mat
erial

unde
rin

vest
igat

ion.
The

prop
ortio

nali
ty

betw
een

the
quan

tity
ofh

eat
ener

gys
uppl

ied
and

the
chan

gei
nte

mpe
ratu

rer
eass

ures
the

stud
ents

and
expl

ains
why

ther
ew

asi
nitia

ldi
fficu

lty
in

sepa
ratin

gth
em

eani
ngs

ofth
etw

o.
Befo

re
they

beco
me

too
com

forta
ble

the
stud

ents
are

aske
dw

heth
erit

istr
uet

hat,
inth

e
abse

nce
ofa

wor
king

devi
ces

uch
asa

refri
gera

tor,
ina

llca
ses

ifa
body

ata
high

erte
mpe

ratu
reis

plac
edi

nth
erm

alc
onta

ctw
ith

one
ata

low
er

tem
pera

ture
ther

ewi
llbe

ane
tflo

wof
heat

ener
gy

from
high

ert
olo

wer.
To

prog
ress

furth
ert

hey
mus

tbe
conv

ince
dth

atth
isis

alwa
ystr

ue.
The

yar
eth

enp
rese

nted
with

abe
aker

ofic
e

and
wate

rm
ixtu

re.
This

isp
lace

din
the

room
,

whic
hm

ayb
eat

21◦
Cor

so.
The

yar
eas

ked
ifth

e
icei

stak
ing

inh
eate

nerg
yfro

mth
ero

om.
Ifth

ey
agre

edt
oth

esta
teme

ntin
the

prev
ious

para
grap

h
then

they
mus

tag
ree

that
this

isso
.Th

eya
reth

en
aske

dto
reco

rdth
etem

pera
ture

ofth
eice

mix
ture

over
time

.Th
etem

pera
ture

,of
cour

se,r
ema

insa
t

0◦ C
unti

lthe
iceh

asa
llm

elted
and

only
then

does
itcr

eep
upt

owa
rds

room
tem

pera
ture

.
Man

ystu
dent

sare
unw

illin
g,at

first
,to

acce
pt

that
solid

ice
and

mel
ting

ice
and

liqu
idw

ater
can

all
exis

tat
the

sam
ete

mpe
ratu

re.
The

y
insti

nctiv
ely

feel
that

the
ice

mus
tbe

cold
erth

an
the

wate
r.

The
yfi

nd
itd

iffic
ult

toa
gree

that
the

temp
eratu

rea
tw

hich
wate

rfr
eeze

san
dth

e
tem

pera
ture

atw
hich

icem
elts

are
the

sam
e.T

his
isb

ecau
set

hed
irect

ion
offl

ow
ofh

eat
ener

gy
ine

ach
case

isd
iffer

ent.
Toe

xtra
cth

eat
ener

gy
from

the
wate

rthe
rem

ustb
ea

low
erte

mpe
ratu

re

rese
rvoi

rto
whi

ch
the

heat
ener

gy
can

flow
.

Sim
ilarl

yto
prov

ide
heat

ener
gyt

om
eltt

hei
ce

ther
em

ust
bea

high
erte

mpe
ratu

reh
eat

rese
rvoi

r
from

whi
chh

eat
ener

gyc
anb

eex
tract

ed.
The

poin
tthe

yne
edt

oap
prec

iate
isth

atit
isp

ossi
ble

toh
ave

ami
xtur

eof
wate

ran
dice

whe
reth

ewa
ter

isn
otfr

eezi
nga

ndt
hei

cei
sno

tme
lting

beca
use

ther
eis

noh
eat

ener
gyfl

ow
into

oro
uto

fth
e

syst
em

and
the

two
are

int
herm

ale
quil

ibriu
m,

whi
chm

eans
that

they
area

tthe
sam

etem
pera

ture
.

Nev
erth

eles
sso

me
stud

ents
rem

ain
unco

nvin
ced

unti
lthe

yha
ved

ealt
with

the
idea

ofl
aten

the
at

disc
usse

dne
xt.

The
conc

lusio
nt

ob
ed

rawn
from

this
expe

rime
ntis

that
supp

lyin
ghe

aten
ergy

toa
body

may
have

the
effe

cto
frai

sing
itst

emp
eratu

reb
ut

not
nece

ssar
ily.

Itm
ay,a

sin
this

case
,bri

nga
bout

ach
ange

inp
hase

with
out

ach
ange

inte
mpe

ratu
re.

Ino
rder

toex
plai

nth
isph

enom
enon

itis
nece

ssar
y

tod
iscu

ssw
hat

ish
appe

ning
on

am
icro

scop
ic

scal
e.H

ere
the

stud
ents

are
intro

duce
dto

the
idea

ofin
tern

alen
ergy

ofth
esy

stem
and

toth
efac

ttha
t

this
may

take
the

form
ofc

hang
esto

the
pote

ntia
l

asw
ella

ski
neti

cen
ergy

ofth
em

olec
ules

.Fr
om

this
disc

ussi
on

the
stud

ents
are

led
tot

hei
dea

that
only

the
kine

tic
ener

gy
oft

he
mol

ecul
es

isa
ssoc

iated
with

tem
pera

ture
.C

omb
inin

gth
is

noti
onw

ithe
nerg

yde
nsity

lead
sto

the
defi

nitio
n

ofte
mpe

ratu
rea

sam
easu

reo
fthe

aver
age

kine
tic

ener
gyo

fthe
mol

ecul
eso

fas
yste

m.
Hea

tthe
nis

the
tota

len
ergy

supp
lied

toth
e

syst
em

and
tem

pera
ture

isi
dent

ified
with

the
aver

age
kine

tic
ener

gy
oft

he
mol

ecul
es.

The
pote

ntia
len

ergy
supp

lied
isn

otm
anif

este
das

a
chan

ge
int

emp
eratu

rea
nd

ist
here

fore
term

ed
‘late

nth
eat’.

At
this

stag
eit

isn
ott

houg
htp

rude
ntt

o
intro

duce
the

stud
ents

to
wor

kd
one

on
the

syst
em

but
tos

tick
with

sorti
ngo

utth
epr

oble
ms

asso
ciate

dw
ith

heat
and

tem
pera

ture
.T

his
can

leav
ethe

stud
ents

with
thei

dea
that

inte
rnal

ener
gy

and
heat

aret
hes

ame
but

itis
felt

that
this

prob
lem

can
bed

ealt
with

later
.

Con
clus

ion
Ith

asb
een

foun
dth

atfo
llow

ing
this

expe
rien

ce
the

maj
ority

ofs
tude

nts
are

able
scie

ntifi
cally

tod
iscu

sst
hem

eani
ng

oft
herm

ale
quil

ibriu
m,

heat
and

tem
pera

ture
.It

isd
ange

rous
toa

ssum
e

that
,be

caus
ea

stud
ent

isa
ble

tor
ecite

text
book
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defin
ition

s,t
hey

have
com

eto
term

sw
ith

the
fund

ame
ntal

unde
rlyin

gpr
incip

lesb
ehin

dth
erm

al
phys

ics.
Only

by
resp

ondi
ng

toc
halle

ngin
g

ques
tion

san
din

terp
retin

gex
peri

men
tale

vide
nce

corr
ectly

can
this

bea
chie

ved.
Int

his
way

the
stud

ents
’pr

e-co
urse

expe
rien

cec
anb

ebu
iltu

pon
toe

nabl
eth

em
tod

eal
with

heat
and

tem
pera

ture
ina
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acce
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ient

ific
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ext.
R
e
c
e
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e
d
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S
e
p
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m
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e
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